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(54) CERAMIC HEATER 



(57) In a ceramic heater comprising a heating body 
formed on a surface of a ceramic substrate, the heating 
body is made of a non-sintering type metal foil or an 
electrically conductive ceramic thin film, and the metal 
foil or electrically conductive ceramic thin film is adhered 



to the surface of the substrate through a heat-resistant 
resin layer or the like. The ceramic heater is less in the 
scattering of resistance resulted from the quality of the 
heating body and is possible to accurately and rapidly 
conduct temperature control. 



Fig. 2 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to a ceramic heater mainly used in a semiconductor industry as a static chuck, wafer 
prober or the like for drying or sputtering treatment, and more particularly it proposes a ceramic heater changing no 
resistance value even in a long-time use in an oxidizing atmosphere and having an excellent temperature controllability. 

BACKGROUND ART 

10 

[0002] Semiconductor products are generally produced by etching a silicon wafer with a photosensitive resin as an 
etching resist to form electronic circuits or the like. In such a production method, the liquid photosensitive resin applied 
onto the surface of the silicon wafer should be dried after the application through a spin-coater. For this end. the drying 
is carried out by heating the silicon wafer coated with the photosensitive resin by means of a heater 
15 [0003] As such a heater, there has hitherto been used one obtained by forming a heating body on a rear surface of 
a metallic substrate such as aluminum or the like. 

[0004] When the heater using such a metallic substrate is used in the drying of the semiconductor product, however, 
there are the following problems. That is, the substrate of the heater is a metal, so that the thickness of the substrate 
should be thickened to about 15 mm. Because, when using a thin metal substrate, warping or strain is caused due to 
20 thermal expansion resulted from the heating, which affects the wafer placed on such a metallic substrate and heated 
thereby to cause breakage or tilting. Meanwhile, this problem can be solved by thickening the substrate, but the weight 
of the heater is increased and becomes bulky. 

[0005] Further, when the heating temperature of the heater is controlled by changing a voltage or a current quantity 
applied to the heating element attached to the substrate, if the thickness of the metallic substrate is thick, the temper- 
25 ature of the substrate does not rapidly follow and vary to the change of voltage or current quantity and there is a problem 
that the temperature control is difficult. 

[0006] In this connection, there has hitherto been proposed a ceramic heater using a nitride ceramic as a substrate 
(JP-A-11 -40330). 

[0007] In this conventional technique, however, electron circuit and heating body formed on the substrate are pro- 
30 duced by using a sintered metal, so that the scattering in the thickness of the heating body may be caused and hence 
there are problems that the resistance value is varied so as not to conduct the accurate temperature control and 
ununiform temperature distribution is caused on a heating face of the semiconductor product as a wafer to be heated. 
[0008] It is an object of the invention to provide a ceramic heater capable of accurately and rapidly conducting the 
temperature control without scattering of the resistor resulted from the above problems inherent to the conventional 
35 ceramic heater, particularly the quality of the heating body. 

DISCLOSURE OF THE INVENTION 

[0009] The inventors have made studies in order to achieve the above object and found that when the heating body 
40 to be formed in the ceramic heater is formed by using a non-sintering metal foil, e.g. a metal foil formed by rolling or 
plating (particularly electric plating) instead of the above sintered body, the quality (homogeneity) as a heating body is 
excellent and the problems inherent to the above sintered heating body can be overcome. And also, it has been found 
that even when an electrically conductive ceramic is used as the heating body, the above problems inherent to the 
sintered heating body can be overcome, when a thin film pattern is previously formed, by embedding the thin film of 
45 the electrically conductive ceramic in the substrate or fixing onto the surlace of the substrate through adhesion. 

[0010] Under the above knowledge, the invention is basically a ceramic heater comprising a ceramic substrate and 
a heating body formed on a surface of the substrate or in an inside thereof and made of a non-sintering type metal foil 
or an electrically conductive ceramic thin film. Moreover, the non-sintering type metal foil is substantially the same as 
the non-sintering metal foil. 

so [0011] And also, the invention lies in a ceramic heater comprising a heating body formed on a surface of a ceramic 
substrate, characterized in that the heating body is made of a non-sintering type metal foil or an electrically conductive 
ceramic thin film and the metal foil is adhered and fixed to the surface of the substrate with an insulating material layer. 
[0012] In addition, the invention lies in aceramic heater comprising a heating body formed on a surface of a ceramic 
substrate, characterized in that the heating body is made of a non-sintering type metal foil or an electrically conductive 

55 ceramic thin film and the metal foil and the substrate are fixed by covering together with an insulating material. 

[0013] Furthermore, the invention is basically the formation of a heating body made of a non-sintering type metal foil 
on a surface of a substrate, and is particularly a ceramic heater comprising a heating body formed on a surface of a 
substrate or in an inside thereof, characterized in that the heating body is made of a non-sintering type metal foil and 
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the metal foil is adhered and fixed onto the surface of the substrate with a heat-resistant resin layer. 
[0014] Moreover, the invention is a ceramic heater comprising a heating body formed on a surface of a substrate or 
in an inside thereof, characterized in that the heating body is made of a non-sintering type metal foil and the metal foil 
and the substrate are covered and fixed together with a heat-resistant resin. 

[001 5] In the ceramic heater according to the invention, it is desirable that a thickness of the non-sintering type metal 
foil or the non-sintering electrically conductive ceramic thin film is 1 0-50 urn, preferably 1 0-20 urn. 
[0016] Moreover, the heating body is desirable to be formed on a face opposite to a heating face. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 



Fig. 1 is a schematic view of a bottom face of a ceramic heater (non-heating face); 
Fig. 2 is a diagrammatically partial section view illustrating an embodiment of the invention; 
'5 Fig. 3 is a diagrammatically partial section view illustrating another embodiment of the invention; 

Fig. 4 is a diagrammatically partial section view illustrating the other embodiment of the invention; 
Fig. 5 is a diagrammatically partial section view illustrating a further embodiment of the invention; and 
Fig. 6 is a diagrammatically partial section view illustrating a still further embodiment of the invention. 

20 BEST MODE FOR CARRYING OUT THE INVENTION 



[0018] The feature of the ceramic heater according to the invention lies in facts that the heating body is formed on 
the surface of the ceramic substrate or in the inside thereof, and that a non-sintering type metal foil, i.e. a rolling member 
formed by melting and purifying and then rolling (inclusive of forging) or a dense metal foil such as a plated member 
obtained by electric plating is used as the heating body. Such a metal foil is uniform in the thickness and dense and 
small in the scattering of resistance value. And also, even in case of using the electrically conductive ceramic as the 
heating body, when a thin film pattern is previously formed and placed on the surface of the substrate or embedded in 
the inside thereof or formed on the surface of the ceramic substrate under an atmosphere shielding condition through 
a heat-resistant resin layer, the thickness can be made uniform and the aforementioned problems can be overcome. 
[001 9] As the electrically conductive ceramic, it is desirable to use at least one selected from silicon carbide, tungsten 
carbide, titanium carbide and carbon. 

[0020] In such an electrically conductive ceramic thin film, a heating body pattern may be formed by etching or 
punching after the thin film of the electrically conductive ceramic is formed, or a thin film may be rendered into a heating 
body pattern and then sintered. 

[0021] The thickness of the non-sintering metal foil or the electrically conductive ceramic thin film is desirable to be 
10-50 urn, preferably 10-20 u.m. When the thickness is less than 10 jim, the handling is difficult in the adhesion to the 
ceramic substrate, while when it exceeds 50 urn, the undercut is generated in the etching , which results in the scattering 
of the resistance value. The metal used is desirable to be at feast one selected from metals and alloys such as nickel, 
stainless steel, nichrome (Ni-Cr alloy), canthal (Fe-Cr-AI alloy) and so on. 

[0022] As the adhesion form of the above metal foil or the electrically conductive ceramic thin film to the surface of 
the ceramic substrate, there are advantageously adapted a form wherein an insulating material is first applied onto the 
full surface of the ceramic substrate and the metal foil is adhered through the insulating material and subjected to a 
curing treatment (Fig. 2), a form wherein a heat-resistant resin is previously printed on the surface of the ceramic 
substrate in correspondence to a heating body pattern and the metal foil or the electrically conductive ceramic thin film 
is adhered on the heat-resistant resin layer and subjected to a curing treatment (Fig. 3) and the like. 
[0023] As the other method, there may be a form wherein the metal foil or the electrically conductive ceramic thin 
film is placed on the surface of the ceramic substrate and an insulating material film of B-stage is covered onto the 
metal foil or the electrically conductive thin film and hot pressed to cover and fix together with the ceramic substrate 
(Fig. 4). 

[0024] And also, as shown in Fig. 5, there may be a form wherein an insulating material layer 3a is first applied onto 
the surface of the ceramic substrate and a pattern of a heating body 2 (metal foil or electrically conductive ceramic thin 
film) is fixed thcrconto and further a heat-resistant resin film 3b is covered thereonto and fixed thereto. 
[0025] As the insulating material, a heat-resistant resin or an inorganic binder may be used. As the inorganic binder, 
an inorganic sol, a glass paste or the like can be used. The inorganic sol is rendered into an inorganic gel by curing 
and acts as an inorganic adhesive. 

[0026] As an example of the heat-resistant resin used in the adhesion of the heating body, a thermosetting resin is 
desirable, which may be at least one selected from polyimide resin, epoxy resin, phenolic resin, silicon resin and so on. 
[0027] As the inorganic sol, at least one selected from silica sol, alumina sol and hydrolized polymer of alkoxide can 
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through a solder. And also, an end of the heating body pattern may be fixed by caulking without using the solder. In 
this point, the fixation by caulking is difficult in the sintering-type metal, but is possible in the non-sintering type metal 
foil used in the invention. Furthermore, a temperature measuring element 6 such as a thermocouple or the like is 
inserted into a bottom hole 5 pierced in the ceramic substrate from a non-heating face thereof and a heat-resistant 
resin such as polyimide or the like is filled in the hole and sealed together. Moreover, such a temperature measuring 
element may be a state of pressing (contacting) onto the surface of the substrate. B. In case of forming a heating body 
in an inside of a ceramic substrate: 

[0045] An insulating nitride ceramic or insulating carbide ceramic powder is well mixed with a binder or a solvent 
and shaped into a green sheet, and a metal foil or an electrically conductive ceramic thin film is sandwiched between 
the green sheets to form a laminated body and then the laminate is hot pressed and fired. 

[0046] Moreover, the green sheet may be with through-holes 4 inserting support pins 7 used for supporting a sem- 
iconductor wafer on a heating face of the substrate and a bottom hole 5 embedding a temperature measuring element 
6 such as a thermocouple or the like, if necessary, as mentioned above. 

[0047] Then, the green sheets are fired by heating and sintered to produce a ceramic plate-shaped body (ceramic 
substrate). In the firing by heating at this step, the pore-free ceramic substrate can be manufactured by pressuring the 
green sheets. The firing by heating may be carried out above a sintering temperature. In the nitride ceramic or carbide 
ceramic, it is about 1000-2500°C. 

EXAMPLES 

Example 1 (Aluminum nitride ceramic substrate) 
[0048] 

(1) A composition comprising 100 parts by weight of aluminum nitride powder (average particle size 1 .1 u.m), 4 
parts by weight of yttrium oxide (average particle size 0.4 u.m), 1 2 parts by weight of an acryl binder and a balance 
of an alcohol is granulated by a spray drying method. 

(2) The above granulated powder is placed in a mold and shaped into a flat plate to obtain a green shaped body. 
At given positions of the green shaped body are formed through-holes 4 for inserting support pins 7 supporting a 
semiconductor wafer and a bottomed hole 5 for embedding a thermocouple 6 by drilling. 

(3) The above green shaped body is hot pressed at 1 800°C under a pressure of 200 kg/cm 2 to obtain an aluminum 
nitride ptate-shaped body having a thickness of 3 mm. The plate-shaped body is cut out into a disc having a 
diameter of 21 0 mm as a plate-shaped ceramic substrate 1 . 

- (4) There is provided a metal foil formed by adhering a polyethylene terephthalate film onto one-side surface of a 
rolled stainless steel sheet having a thickness of 20 jxm, and further a photosensitive dry film is laminated onto the 
metal foil, which is exposed to a ultraviolet ray through a mask depicted with a heating body pattern and developed 
with an aqueous solution of 0.1 % sodium hydroxide to form an etching resist. 

Then, an etching treatment is carried out by immersing in a mixed solution of hydrofluoric acid and nitric acid 
and a development treatment is carried with an aqueous solution of 1N sodium hydroxide to form a heating body 
pattern (foil-shaped pattern) on the polyethylene terephthalate film. 

(5) An uncured polyimide is applied onto one-side surface of the ceramic substrate of item (3) and the heating 
body pattern (foil-shaped pattern) is placed thereon so as to adhere the metal surface to the uncured polyimide 
and integrally united by curing under heating at 200°C. Thereafter, polyethylene terephthalate film is peeled off. 

(6) An Sn-Pb solder paste is printed on a portion attaching a pin for the connection of external terminal for ensuring 
connection to a power source by screen printing 1 to form a solder layer. Then, a pin of Koval for the connection 
of external terminal is placed on the solder layer and reflowed by heating at 360°C to fix the terminal pin. 

(7) A thermocouple 6 for the control of temperature is inserted into the bottomed hole 5 and a polyimide resin is 
further filled and heated at 200°C to obtain a ceramic heater. 

Example 2 (Use of B-stage resin) 

[0049] A ceramic heater is provided in the same manner as in Example 1 except that an acrylic tackifier is applied 
onto a ceramic substrate and a foil of stainless steel is placed thereon and polyethylene terephthalate film is peeled 
off and a polyimide of B-stage obtained by applying polyimide on a fluorine resin sheet and drying it is placed and 
integrally united by heating at 200°C under pressure of 80 kgycm 2 and then the fluorine resin film is peeled off. Example 
3 (Embedding of heating body in inside of substrate) 

(1 ) A green sheet having a thickness of 0.47 mm is shaped from a composition comprising 1 00 parts by weight of 
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aluminum nitirde powder (made by Tokuyama Co., Ltd. average particle size 1.1 urn), 4 parts by weight of yttria 
(aevrage particle size 0.4 u.m), 11 .5 parts by weight of acryl binder, 0.5 part by weight of a dispersing agent and 
53 parts by weight of alcohol mixture of 1 -butanol and ethanol by a doctor blade method. 

(2) After the green sheet is dried at 80°C for 5 hours, a hole for through-hole for connecting a heating body to an 
external terminal pin is formed by punching. 

(3) 100 parts by weight of tungsten carbide particles having an average particle size of 1 urn, 3.0 parts by weight 
of an acrylic binder, 3.5 parts by weight of a-terpineol solvent and 0.3 part by weight of a dispersing agent are 
mixed and thinly applied onto an SiC substrate coated with BN powder and further another SiC substrate coated 
with BN powder is placed thereon and heated at 1900°C under a pressure of 200 kg/cm 2 to obtain a tungsten 
carbide thin film having a thickness of 10 urn 

(4) The tungsten carbide thin film is punched to form a heating body pattern, and the heating body pattern is 
sandwiched between two or more green sheets to form a laminate, which is further hot pressed at 1800°C under 
a pressure of 200 kg/cm 2 to obtain an aluminum nitride plate-shaped body having a thickness of 3 mm. This plate- 
shaped body is cut out into a disc having a diameter of 21 0 mm to provide a plate-shaped ceramic substrate. 

(5) A hole exposing the tungsten carbide thin film is formed on the ceramic substrate by drilling and an external 
terminal is connected and fixed thereto with a gold solder (Ni-Au) and fixed with an inorganic adhesive (made by 
Toa Gosei Co., Ltd. Aronceramic). 

(6) Further, a thermocouple is fixed to the surface with an inorganic adhesive {made by Toa Gosei Co., Ltd. Aron- 
ceramic) (see Fig. 6). 

Example 4 (Glass coating on SiC surface) 

[0050] 

(1 ) A composition comprising 1 00 parts by weight of silicon carbide powder (average particle size 1 .1 u/n) : 4 parts 
by weight of B 4 C (average particle size 0.4 u,m), 12 parts by weight of an acryl binder and the balance of alcohol 
is granulated by a spray drying method. 

(2) The granulated powder is placed in a mold and shaped into a flat plate to obtain a green shaped body. At given 
positions of the green shaped body are formed through-holes 4 for inserting support pins 7 supporting a semicon- 
ductor wafer and a bottomed hole 5 for embedding a thermocouple 6 by drilling. 

(3) The green shaped body is hot pressed at 1 980°C under a pressure of 200 kg/cm 2 to obtain an SiC plate-shaped 
body having a thickness of 3 mm. The plate-shaped body is cut out into a disc having a diameter of 210 mm to 
obtain a ceramic plate-shaped substrate 1 . (4) A glass paste (made by Shoei Kagaku Kogyo Co., Ltd. G-5117) is 
applied and the same stainless steel thin film as in Example 1 is placed and raised to 550°C to integrally unite the 
stainless steel thin film and glass. 

(5) An Sn-Pb solder paste is printed on a portion attaching a pin for the connection of external terminal for ensuring 
connection to a power source by screen printing 1 to form a solder layer. Then, a pin of Koval for the connection 
of external terminal is placed on the solder layer and ref lowed by heating at 360°C to fix the terminal pin. 

(6) A thermocouple 6 for the control of temperature is fixed with a polyimide resin and heated at 200°C to obtain 
a ceramic heater. 

Comparative Example 

[0051] 

45 

(1) A composition comprising 100 parts by weight of aluminum nitride powder (average particle size 1.1 p.m), 4 • 
parts by weight of yttrium oxide (average particle size 0.4 jxm), 1 2 parts by weight of an acryl binder and a balance 
of alcohol is granulated by a spray drying method. 

(2) The granulated powder is placed in a mold and shaped into a flat plate to obtain a green shaped body. At given 
so positions of the green shaped body are formed through-holes 4 for inserting support pins 7 supporting a semicon- 
ductor wafer and a bottomed hole 5 for embedding a thermocouple 6 by drilling. 

(3) The green shaped body is hot pressed at 1 800°C under a pressure of 200 kg/cm 2 to obtain an aluminum nitride 
plate-shaped body having a thickness of 3 mm. The plate-shaped body is cut out into a disc having a diameter of 
210 mm to obtain a ceramic plate-shaped substrate 1 . 

55 (4) On the ceramic substrate 1 of item (3) is printed an electrically conductive paste for the formation of heating 

body by a screen printing method. The printed pattern is a concentric circle pattern as shown in Fig. 1. As such 
an electrically conductive paste is used Solvest PS603D made by Tokuriki Kagaku Laboratory used in the formation 
of through-hole in a printed wiring board. The electrically conductive paste is a silver-lead paste and contains 7.5% 
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by weight of metal oxides consisting of lead oxide, zinc oxide, silica, boron oxide and alumina (weight ratio of 
5/55/10/25/5) based on weight of silver. Moreover, silver is scaly form having an average particle size of 4.5 um 

(5) The ceramic substrate 1 printed with the electrically conductive paste is fired by heating at 780°C to sinter silver 
and lead in the electrically conductive paste and bake on the surface of the substrate 1 . The heating body pattern 
of silver-lead sintered body 4 has a thickness of 5 nm and a width of 2.4 mm and a surface resistivity of 7.7 mQ/D 

(6) The ceramic substrate 1 of item (5) is immersed in an electroless nickel plating bath comprised of an aqueous 
solution of 30 g/l of nickel sulfate, 30 g/l of boric acid, 30 g/l of ammonium chloride and 60 g/l of Rochelle salt to 
thicken the heating body pattern. 

(7) A silver-lead solder paste is printed on a portion attaching an external terminal for ensuring connection to a 
power source to form a solder layer (made by Tanaka Kikinzoku Co., Ltd.). Then, a terminal pin of Koval is placed 
on the solder layer and reflowed by heating at 360°C to fix the terminal pin to the surface of the heating body. 

(8) A thermocouple for the control of temperature is inserted and a polyimide resin is filled to obtain a heater 100. 

Example 5 

[0052] The same procedure as in Example 4 is repeated except that a tungsten carbide thin film is used as a heating 
body. 

[0053] With respect to the ceramic heaters of the examples and comparative example, the scattering of area resist- 
ance in the heating body is measured. The results are shown in Table 1 , from which it is clear that the heating bodies 
according to the invention become smaller in the scattering. 

[0054] And also, the ceramic heater is left to stand at 250°C for 1 000 hours to measure the presence or absence of 
the swelling in the heating body. 



Table 1 
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Area resistance of heating body 


State of swelling heating body 


Example 1 


7.5± 0.05 mQ/n 


partly presence 


Example 2 


7.8±0.05 wCl/n 


partly presence 


Example 3 


33.0±0.05 mQ/D 


absence 


Example 4 


8.0±0.03 mO/D 


absence 


Example. 5 


38.0±0.03 mO/D 


absence 


Comparative Example 


7.7±0.2 mQ/D 


absence 



INDUSTRIAL APPLICABILITY 



40 



[0055] The ceramic heater according to the invention is small in the scattering of the resistance and can accurately 
and rapidly conduct the temperature control in the drying of a liquid resist on a wafer and the like. And also, it is useful 
as a ceramic heater used together with a static chuck, wafer prober or the like in the field of semiconductor industry. 



Claims 
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A ceramic heater comprising a ceramic substrate and a heating body formed on a surface of the substrate or in 
an inside thereof and made of a non-sintering type metal foil or an electrically conductive ceramic thin film. 

A ceramic healer comprising a heating body formed on a surface of a ceramic substrate, characterized in that 
the heating body is made of a non-sintering type metal foil or an electrically conductive ceramic thin film and the 
metal foil is adhered and fixed to the surface of the substrate with an insulating material layer. 

A ceramic heater comprising a heating body formed on a surface of a ceramic substrate, characterized in that 
the heating body is made of a non-sintering type metal foil or an electrically conductive ceramic thin film and the 
metal foil and the substrate are fixed together by covering with an insulating material. 

A ceramic heater according to any one of claims 1 to 3, wherein the heating body is formed on a face opposite to 
a heating face. 
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5. A ceramic heater according to any one of claims 1 to 4, wherein the metal foil or electrically conductive thin film 
has a thickness of 1 0-50 ujti. 

6. A ceramic heater comprising a ceramic substrate and a heating body of a non-sintering type metal foil formed on 
a surface thereof. 

7. A ceramic heater comprising a heating body formed on a surface of a substrate, characterized in that the heating 
body is made of a non-sintering type metal foil and the metal foil is adhered and fixed onto the surface of the 
substrate with a heat-resistant resin layer. 

8. A ceramic heater comprising a heating body formed on a surface of a substrate, characterized in that the heating 
body is made of a non-sintering type metal foil and the metal foil and the substrate are covered and fixed together 
with a heat-resistant resin. 

is 9. A ceramic heater according to any one of claims 6 to 8, wherein the heating body is formed on a face opposite to 
a heating face. 

10. A ceramic heater according to any one of claims 6 to 9, wherein the metal foil is a dense rolled material or a plated 
material and has a thickness of 10-50 jxm. 
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Fig. 2 
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Fig. 3 
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Fig. 6 
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